Department of Energy 0048660

Richland Operations Office
P.O. Box 550 _
Richland, Washington 99352

055404

Ms. Donna L. Powaukee
Nez Perce Tribe

P.0. Box 365

Lapwai. ID 83540-0365

Dear Ms. Powaukee:

REVIEW AND COMMENT ON NEEDS AND REQUIREMENTS FOR CONSOLIDATION OF SITE-WIDE
GROUNDWATER MODELING AT THE HANFORD SITE

In May 1996, at the Hanford Advisory Board (HAB) workshop there was a
recommendation to the U.S. Department of Energy, Richland Operations Office
(RL) to develop a site-wide consensus groundwater model for the Hanford Site.
RL's Site Management Board directed the Environmental Restoration Program to
lead the effort to provide the Hanford Site a Site-Wide Consolidation
Groundwater Model. In a RL letter to the regulators. stakeholders, and
tribes, dated July 28, 1997, RL made a commitment to initiate the site-wide
groundwater model consolidation task.

As a result of a number of meetings with RL, contractors, regulators. tribes.
and HAB in review of past modeling work the "Need and Requirements for
Consolidation of the Site-Wide Groundwater Modeling at the Hanford Site"
(Attachment) document has been developed.

Please review and provide comments by March 3, 1998. If you have any
questions, please contact me on (509)373-9626. '

Sincerely.

RN

R. D. Hildebrand, Project Manager
(WP : RDH Groundwater Project
Attachment

cc w/attach:
S. Sobcyzk. NPT
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Executive Summary

In response to both internal and external recommendations, DOE/RL initiated a siie-wide
model consolidation process, which is to include the participation of all affected Hanford
programs, to eliminate redundancies and promote consistency in groundwater analyses
produced for Hanford programs. The purpose of the model consolidation is to establish a
site-wide modeling process to foster 1) consistent assumptions in applications across
programs, 2) model enhancements based on new data/information and improved technical
capabilities, and:&¥model flexibility to address new program needs and decisions. As an
initial step in F¥:198R: the consolidation process is to provide a current Hanford site-wide
aged on a consensus hydrogeologic conceptual model, a consolidated
he selectioriiof computer codes to implement the numerical model developed

(PHMC) presently maintain
support of active and plai

Bechtel Hanford, Ing;iB

of past-practice operabiginit invé
National Laboratory (PNNL) pres
site in support of the site-wide gg
modeling capabilities fora v a

atiozisiand cleanup activities. Pacific Northwest

tTy-aintains groundwater modeling capabilities for the

zdwater monitoring program, and vadose-zone
Epgrams.

This report provides an initial asSessment: :
forward in the model consolidation ‘i iended needs and requirements

id planned groundwater modeling
activities provided by representatives of majorBiipmigrams including Environmental
Restoration. Waste Management, and Tank Wad{is:Remediation Sy#ig

was also provided by involved Hanford Site cotil

Engineering Group, Inc. (JEGI).
Based on a review of current and planned groundwater modeling activities at th
foliowing needs and requirements have been identified for the consolidated site-

groundwater model objectives, the conceptual model and associated databa
computer code needed for implementation of the numerical model.

e preliminary screening of sites for locating waste disposal facilities

e site performance assessments of proposed waste disposal facilities



e assessment of environmental impacts involving the prediction of contaminant transport
and dose modeling for site-wide and local assessments

¢ design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment, and contaminant removal/cleanup.

¢ design and evaluation of site monitoring networks to predict fate and transport of
existing and emerging contaminant plumes, transient hydraulic behavior of the water
table and unconfined aquifer system in response to changing waste management

i ironmental restoration alternatives, or waste facilities end states, and

ceptual Model and Database Needs and
eeds and requirements for a consolidated site-wide

dehngdatabiase based on a geographic information system and
containing all the informiatigiEnecess#ry. fo develop parameter estimates for a model
should be used in a}}3 :Hitg applicition

e This modeling database shouid sedd on a consensus interpretation of the available
data.

e The database and data inteijid
and regional scale, become available,
maintained using appropriate cogfig3i.
of all changes ;

hatiges i parameter databases should be

ontrofpricedures to establish the pedigree

ori:the mos

comparisons with simulation results based
conceptual mode!.

Consolidated Model Computer Code Requirements: The code selected,
implementation of the consolidated site-wide groundwater model should proyiii
following technical capabilities and characteristics. The code should be caps

» simulating two- and three-dimensional saturated, unconfined anditéigfined flow of
constant density water in an isothermal setting for either steady state or transient flow
conditions in order to be able to represent both current as well as expected future
Hanford Site states. For certain modeling applications such as the simulation of
remediation options for the carbon tetrachloride plume in the 200 areas or the evaluation
of innovative in-situ treatment technologies such as in-situ REDOX treatment
methodologies, capabilities to simulate the effects of variable density would be
desirable



Administrative requirements for the selected code include the followir

i QGQ years at bothitii

accommodating the spatial variation of hydraulic parameters (hydraulic conducuvity,
transmissivity, specific storage, storage coefficient, etc.) in three dimensions as well as
the three-dimensional geometry of the major hydrogeologic units. The code should
also allow anisotropic hydraulic conductivity values

simulating flow and contaminant transport in unconfined and confined portions of the
Hanford aquifer systems

simulating flog:.conditions at the scale of the entire Hanford Site with robust sub-
modeling ca’g 1ii;;y’ to facilitate the systematic transfer of attributes of the flow and
1nafiks

""" 671 model] derived from the site-wide model for use in local-scale
appropriate

ly simulatingflow on a variety of time scales ranging from a few years to
scale of the entire Hanford Site and at the local scale

representing geoc_:f _____ g a linear equilibrium adsorption model where
the distribution coefficient (Kdj):depetds only on the contaminant and on spatial

efficiently performing streamline (for steads .
transient conditions) analyses in two- and three- dlme'

Incorporating time-dependent and spatially varying boundary coi
should be capable of simulating homogeneous and non-homogeneous Diric
(constant head/concentration) and Neuman (constant flux) boundary condi :
selected code should also have a prescribed approach for incorporation g §jsiss: and

space-dependent sources and sinks of water and contaminant '

pre- and post-processing modules that aliow the user to readily set up problems and to
understand results. In particular, the code should have the capability to provide outputs
that can readily used by its own pre- and post-processors or other available software to
graphically display the numerical grid discretization along with zone identifiers,
contaminant and water fluxes across selected boundaries and regions in the modeling
domain, and contours, spatial cross sections, and time histories of contaminant
concentrations



* An effective model interface to a GIS such as the proposed site-wide modeling database
to allow the efficient specification of hydraullc properties, boundary and initial
conditions, and sources and sinks

o evidence of reliability including adequate documentation, verification against a set of
test problems relevant to Hanford groundwater conditions, and a body of model
applications that can demonstrate its technical, regulatory, and public acceptance

° availability;{ ath internal contractor and external stakeholder use at a reasonable cost

. ‘siof: of the code should be available, preferably the last one that has
bee ftﬂly lested For ,odes that are well established, thc use of a well-tested version

source code by DOE and 1{3" a_zntractors These mspecnons and/or verification reviews
¥ to rectify prqbl _oumcrcd mn application of the

code enhancements.

e the selected code should be sufﬁc1ently wief] ented and well supported by the
code developer to allow for rectification of teckitieal difficulties .arise in its
application to Hanford specific applications,

Other Needs and Requirements: Other needs:iand requf‘: g be

considered in a site-wide model consolidation 1nclude

' fi.’ﬂ¥0w

e development of a process to foster greater consnstency in appllcatlons of groti
models by various on-site programs
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1.0 Introduction

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which inciuded the participation of all affected Hanford
programs. This process will eliminate redundancies and promote consistency in
groundwater analyses produced for Hanford programs. The DOE/RL Site Management
Board (SMB) directed the Environmental Restoration Program to lead the effort. On Sept.
5, 1996, John Wggs et issued an RL Letter of Instruction to affected RL Programs. and
Site Contracto;s ! v.w1th RL and contractor customers, tribal and stakeholder

producuon ‘fﬂ.
(PHMC) prese

| ;gatlons and cleanup activities. Pacific
Northwest Natlonal Laboratory, {?ﬁ!' gpresently maintains groundwater modeling
capabilities for the site in support; Site-wide groundwater monitoring program, and
vadose-zone modchng capabll' i a variety of site and national programs.

foster 1) consistency in assumptions in. a;)glfe 5P
enhancements based on new data/mﬁ(m!lhi d technical capabilities, and 3)

i s and dccnslons As an initial step

model that will meet near-term and long-term nej
external Hanford site stakeholders.

initiate implernentation of the recommendations.

Current plans also call for completing lmplementatlon of the site-wide ggonind
and development of a multi-year program plan in FY 1999 to provide:aii#isived support for
the site-wide model from the years 2000 to 2005.

1.1 Approach for Model Consolidation

On October 27, 1997, RL initiated the model consolidation process with representatives of
affected RL programs and contractor personnel An overview of the model consolidation
process included descriptions of the four major tasks:



s development of site-wide modeling needs and requirements
e technical evaluation of site-wide conceptual and numerical models

s recommendations for a consensus site-wide conceptual and numerical model and
computer code(s) to implement the consensus numerical model

16’ development of the needs and requirements summarized in this report,
#presentatives:were asked to provide an overview of current and planned model
ncluding identifiéation of supporting planning and technical documents. The
i 3vide the basis for summaries of current and planned groundwater

ibed in sectjon 2 of this report.

: .the U. S. Environmental Protection Agency
(EPA), Washington State Dggiariient 6f:8cology, the Hanford Advisory Board, and
affected tribal nations that:isickis gd the Nék Pierce Tribe, and the Yakama Tribal Nation
about the model consghidéiffon progiess. Adthough RL was unable to meet with
representatives of the‘Corfederat
preparation of this draft report,
model consolidation process and:
technical review and comme

1 represe

RL also consilted

workshops with technical points of cofitac mmte Eprogram and external regulatory
agencies, tribal nations, and interested public s{#kghldér groups. The purpose of the
workshops will be to review and identify key difféggices in assumptians and approaches in

e current site-wide model uses, including terijéiFal and spgi
addressed, contaminants of concern assessed:etc.

e current site-wide hydrogeologic and geochemical intrpretation$ 4l associa;
databases

e existing modeling implementations and assumptions including the purpe:
the implementations, the key assumptions, the limitations, etc.

Following the initial review of site conceptual models and numerical mgé] applications and
the computer codes currently in use, RL intends to have technical subject area experts meet
to evaluate key areas of differences and to present recommendations for resolution to the
larger group of technical points of contact (POCs) for review and comment. PNNL wil]
work closely with the POC group to collate and document final recommendations for site-
wide model consolidation. The scope of recommendations will include discussions on the
following topics:

e current site hydrogeologic interpretations



s current site hydrologic conceptual model for groundwater flow and contaminant
transport

o selected computer codes and related software
e development of parameter databases and their implementation of numerical models
e aprocess for ensuring consistency in modeling applications performed on site

s aprocess for long-term maintenance and care of 1) recommended hydrogeologic and
hydrologic databases, 2) model parameter databases, and 3) site-wide model(s) and

The devclope__.; g
(early May: 99_ '

% solicited during the review will be evaluated and to the extent
t6d into an RL document titled, Requirements, Review, and

However, this propos_'_
resulting scope.

:§ vent and future groundwater
modelmg activities bemg planned by the Enviroat : Restoratnon,fWaste Management,
and Tank Waste Remediation programs at the Haiiford Site. The:éadiis

also reflect input collected from external stakeh(?fiﬁl’s includi

Statc Department of Ecology the Hanford Advrses!_y Board ;

» Section 3.0 provides a summary of site-wide groundwater needs and requirements
necessary to achieve the objectives of the model consolidation process






2.0 Current Groundwater Modeling Activities

The following is a brief review of recent and current groundwater modeling activities that
have been undertaken by the major programs at the Hanford Site. The information
presented is organized by major program areas (i.., Environmental Restoration, Waste
Management and Tank Waste Remediation System programs) and was largely denved from
meetings with representatives of RL programs and site contractor personnel and review of
related key techmcal documents. In performing this review, a conscience effort was made
to limit ground rmodeling activities to those completed within the last three years (i.e.,
since 1994). ¥ g.review of past groundwater modeling, for the most part, is focused

roject activities that have used groundwater modeling to support
o) v1ronmﬂﬂ;§l Restoration Program. These summaries reflect

¢ Impacts on Drinking Watéi;Syste
contaminant plume transport

* Composite Analysis being performed in res
Board recommendation 94-2

¢ Hanford Remedial Action and Comprehensi
Statement

The following summary focuses on groundwater modelmg being dohe'to supporg
evaluation of groundwater impacts and does not specifically discuss risk assessmu
methodologies being used to support cleanup of soil contamination at many CERGE
in the 100 and 200 areas. Much of this type of remediation work at the Hasgfe§d $H
been supported with the implementation of a dose assessment methodologyisEcor
for deriving site-specific soil remediation guidelines called RESRAD g Etped at Argonne

National Laboratory (Yu et al. 1993).

2.1.1 Hanford Site-Wide Groundwater Remediation Strategy

Site-wide groundwater modeling has been performed to assess groundwater remediation
alternatives, to support planning and implementation of remediation alternatives, to support
risk assessments, and to evaluate the impact of changes in the groundwater flow field.

This particular modeling activity is summarized in detail in Law et al. (1996) and
Chiaramonte et al. (1996).



Geologic and hydrogeologic conceptual models were based primarily on a synthesis of data
and information presented in previous studies. The conceptual model involved defining
properties and spatial distribution of the major geologic units in the Ringold and Hanford
formations and defining the surface of the basalt bedrock.

Recharge to and discharge from the unconfined aquifer were based on previous studies.
Recharge was assumed to occur from the Cold Creek and Dry Creek basins and not from
the surface or from the confined aquifer. Discharge to the Columbia River was modeled.
Artificial rechargg:from site operations was based on available reports.

evaluated for use in the site-wide groundwater modeling.
selected becausc 1) it uses a robust set of solution algorithms, 2)
v expert and was available for technical support, 3)

i8] aquifer conditions, 4) the code allows the use of

The initial grid chosen 't model g waief flow and tritium transport used uniform 600
m by 600 m elements (18,277 noéesfg :and required about five hours of computational time
for & "OO—ycar simulation (usig

‘ﬂlehﬂr ial plane were rectangular (or
square ). 200-year simulations w1th ‘ #it80.8 modes) required approximately 23

hours.

Six elements were used in the vertical dimensio; ¥liige for the pre- Nﬁssoulaﬂ{anford
formation and three for the Ringold formation. Efé@igt
The venical elements were deformed (non-rectaifgilar) to ma

hydrogeologic formations. Hydraulic properties mthm each:n ﬂketwof
vertically homogeneous. ‘

iditection.
assignment of conductivity to elements was based on observed aquifer test data.

Conductivity was isotropic in the horizontal direction. Vertical hydraulic conduegi
were set to one-tenth the horizontal value for each element.

Hydraulic conductivity and porosity varied spatially in ¢ horizonta i

Calibration was carried out by adjusting assigned hydraulic conductivigi ving for the
steady-state flow field, and comparing the model results to the averagé er level
measurements from 1976-1979. Transient flow simulations of 14 years“were also carried
out during the calibration, with comparisons of the hydraulic head field during 1988 and
1993 also used to evaluate the numerical model. Finally, a simulation of tritium transport
was carried out for the same 14-year period to further evaluate the calibrated model. Tritium
concentrations from 1979 were used as the initial condition The mean residual was
calculated for the calibrated model using water level measurements at 124 wells.

The calibrated groundwater model was used to predict water table elevations and
contaminant transport for several key contaminant plumes (tritium, iodine-129, yranium.

6



technetium-99, nitrate, carbon tetrachloride, trichloroethylene, and chloroform) for 200
years using 1995 data as the initial condition. Initial sources in the 100 and 200 areas were
modeled. The only sources of future releases of contaminants considered during the
simulations were for tritium, which considered releases from the Effluent Treatment
Facility (ETF), and for carbon tetrachloride, which considered releases from the 216-Z-9
trench. Limited sensitivity analyses were carried out to provide some estimate of critical
parameters and the effect of uncertainties. For those contaminants that contribute to risk,
an estimate of cumulative risk was made using the industrial and residential scenarios
defined in HSRAM (DOE/RL, 19954).

the Comprehensive Ensizg

past practice units at ‘the:Hanford

remediation waste which are expét

polychiorinated biphenyl (PCB) wasts

(containing both hazardous/daggetou

in the ERDF are expected to Gﬁg';mate from areps.aléifis Hie:Columbia River where operable
i

""" vation and removal of large

As part of the RI/FS, a fate and transport mod
concentrations at the ERDF boundary. Model pre
1) Hanford site background concentrations to idef
background and 2) were also compared to risk-}
a list of contaminants of potential concern. '

groundwater contaminants.

This analysts used a fate and transport spreadsheet model that was develg :
hydrogeolog:cal conditions of the ERDF site, the physical and chemlcal

Hanford Site background information, when available. Saturatcd zone parameters included
1) the average hydraulic gradient estimated at ERDF (0.0035) from water table conditions
in December of 1991, 2) saturated hydraulic conductivity of the uppermost aquifer (30
m/day) estimated from pump tests results from wells near the ERDF, 3) an assumed
saturated zone porosity of 0.30, 4) saturated zone density of 1.6 kg/L, and 5) a saturated
zone mixing depth of 5 m.



The methodology described above and summarized in more detail in Appendix A of
DOE/RL (1994b) was used to evaluate in more detail the various alternatives considered in
the RUFS including: 1) a no action alternative and 2) a series of alternatives focusing on
specific design characteristics associated with the-implementation of the ERDF. The latter
set of alternatives considered the impacts of implementing various combinations of liners,
low-infiltration soil barriers, RCRA-compliant barriers, and the Hanford Protective Barrier.

2.1.3 100-Area Remediation Activities

A number of i activities has been carried out recently in the 100 Areas to support

ation of strontium-90 transport from the 100-N Area liquid
_”cilities (LWDF’S)

The Columbia River was modeled as a constant head boundary that was allowed’
over time according to the observed seasonal change in river elevation. The bot

formation. A small, constant flux was applled at the top boundary to rcprcl
average recharge of 5 mm/yr. The remaining three sides of the domain y
boundaries, with the head values set to result in a gradient across the .go:

gonstant head
it of 0.00095,

the observed gradlent in 1964 (the year discharges to the LWDF begarni}:The discharge of
water and strontium-90 from the LWDF was based on available data. Discharges were
estimated for those years with no data.

Since the model explicitly simulated flow in the unsaturated zone, moisture retention
characteristic parameters were required. These were estimated from ten soil samples
obtained in the 100-N Area for this purpose. Parameters for each of the samples were
estimated using a curve-fitting program. Parameters from the sample judged most
representative were used in the numerical model (i.e., the unsaturated zone properties were

8



homogeneous). The average saturated hydraulic conductivities were estimated from
previous studies. Horizontal hydraulic conductivities were taken to be ten times the vertical
values. Hydraulic conductivities were assumed to be homogeneous within the Hanford
and the Ringold formations. :

Effective porosity of the vadose zone was based on the moisture retention of the
representative soil sample. Effective porosity in the aquifer was based on a previous
study. Specific yield and dispersivities were based on literature values. The diffusion and
distribution coefficients were based on previous studies of Hanford sediments.

flow model compared simulated and observed arrival times of a
swater table elevations in July 1969. The only parameter adjusted

; :pransport migide] compared the simulated and observed

‘of sErantium-90 Siirings in 1974. The parameter adjusted was the
distribution coefficient. A lagj¥atiie ¥:3his parameter was applied over a thin layer (0.68
)} source ‘d##a to represent potential filtration of particulate
ion simulation was carried out from 1964 to

An additional model of the 100-N Area groundwatér was:
of proposed interim remedial alternatives to limit the flif

barrier wall, with and without a pump and treat system.

Two codes were used in this modeling activity. Flowpath was used to mode}
dimensional groundwater flow in plan view. PORFLOW was used to mod#

Bne were not
considered). Both models used Cartesian grids with variable node spacifig. The plan-view
model based on Flowpath used 1334 nodes with cell size varying from 25 feet by 25 feet to
1000 feet by 500 feet. The cross-sectional model based on PORFLOW used 5100 nodes
with cell size varying from 0.25 feet by 2 feet to 1 foot by 2 feet.

Steady-state flow conditions were assumed for both models. Although the daily and
seasonal variation in the Columbia River stage was acknowledged, it was assumed that the
presence of the barrier wall would lead to steady-state conditions in the region of concern.
The head along the river boundary was set at the mean yearly river level from automated,

9



hourly measurements during 1993, taking into account the measured downstream river
gradient. A no-flow condition was set along the vertical barrier wall. For the plan view
model based on Flowpath, the top and bottom boundaries were no-flow (i.e., recharge and
discharge to/from the confined aquifer were assumed to be nil). Sensitivity of the model
results to a non-zero recharge was examined. The remainder of the boundaries were
assumed to be constant head boundaries with individual nodal head values determined from
an interpolated map of March 1994 water level measurements.

For the cross-sectional model based on PORFLOW, an assumption was made as to how

_ 'gggradiem boundary for those cases in which a barrier was used.
‘bouridaszes were no-flow as was the down-gradient boundary representing

&verywhere. Initial conditions for the transport set the relative

; t¥e top 2():feés.of the aquifer and to zero elsewhere. The transport
boundary arid:insiEai¢onditions:wekebased on previous reports that strontium-90 is limited
to the top of the unconfined. ggifes '

1omogeneous. Only the Ringold formation

e modeled. Horizontal hydraulic conductivity
gr#ivalue from six aquifer tests in the 100-N Area.
ah. . as one-tenth the horizontal value. The

: én from the literature for a similar soil. For the mud
unit, conductivity was isotropigijgiall but one case,:fil#isitad sensitivity analyses were

in the gravel unit was taken as th
Vertical hydraulic conductivity

gonstant and was based on existing
tficient for strontium-90 was
Iised on previadis studies. No

isity and effegilibgiporosity values. For

longitudinal value.

A number of remediation alternatives involving vertic i :oF differ
and various number of pumping/injection wells were simulated with the plan vi
Strontium-90 concentrations at the river were estimated from calculated trave]
interpolated initial concentrations. The extraction welis were found to have a;
on the flux of strontium-90 into the Columbia River. The effect on strongiii9s

varying the position of the bottom of the barrier water (from 1.2 m intg:#l6i#Hid unit to 0.6

m above the mud unit) was examined with the cross-sectional model

;’)_. 1.3.3 Bank Storage Modeling at 100-N Area

Previous modeling studies have been conducted at the 100-N Area to estimate the release of
strontium-90 from groundwater to the Columbia River (Lu 1990; Connelly et al. 1990;
DOE/RL 1995¢, 1996a). All of these previous studies, except for Connelly et al. (1990),
assumed a constant head boundary for the Columbia River based on the annual average of
the river. Annual, seasonal, and daily changes to the Columbia River’s stage are cyclical

10



and modeling the river on an annual average may not adequately describe the interaction
between the Columbia River and the groundwater system at the 100-N Area.

A recent report by Connelly, Cole, and Williams (1997) documents modeling results from
a recent application of a two-dimensional cross-sectional model of the Columbia River.
unconfined aquifer, and vadose zone in the 100-N Area. The model, based on the
Subsurface Transport Over Mutltiple Phases (STOMP) code ( White and Oostrom. 1996.
1997; Nichols et al., 1997) was used to sirnulate the interaction between the rise and fall of
the Columbia River and the unconfined aquifer and the capillary fringe directly above the
water table in the:£00-N Area.

_ :used consisted of 10,286 cells extending about 400 meters
199:N:67. Grid cells varied in size from 0.5 by 0.5 m at the vadose

5 meters away from the vadose zone seepage face. Of the

585 cells lie above the Columbia River bed or on the land

elevation of 125 m to.a: '
be the top of the Ririg

e The lower boundary on tha
boundary. E

* The upper boundary was set to a natural g Jue of 2 cr/yr.

» The right boundary of the model was set at

g:and to a time-
dependent constant head boundary, which W#§ivaried ogi :

based real-

e The left boundary in the river was set as a no flow

* Nodes on the river bed were set to a time-dependent constant head boung
real-time river stage measurements made at the 100-N Area river monii€

Initial estimates of hydraulic conductivity and porosity were develo &l Based on aquifer

tests and soil analyses collected near the 1301-N and 1325-N facilities. *Estimates of the
unsaturated zone hydraulic properties were also made using available information on
hydraulic conductivity, particle density, specific storage, porosity, and the assumed van
Genuchten curve fitting parameters. The estimates of hydraulic conductivity and porosity
were varied to calibrate the model to transient observed water level measurements in wells
between the Columbia River and well 199-N-67.

A 125 hour transient simulation was used to develop initial conditions for a four-week
period of simulation. During this period, the model was used to simulate the transient
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interaction of the Columbia River and the unconfined aquifer in one-hour time steps.
Because of the large volume of data generated by the simulation, the modeling results were
summarized in an innovative time-series animation of river stage and aquifer head
fluctuations during the period of simulation. This animation was used to display changes
in water travel times in the riverbank and water flux calculation to and from the Columbia
River due to both bank storage and regional groundwater gradients.

Results of the modeling demonstrate that the variation in Columbia River stage has an
impact on the near river unconfined aquifer system. A comparison of transient and steady
state water particlgifracking analysis showed that consideration of the cyclical transient
conditions of fhifi¥ér.can increase water velocities over velocities calculated for steady
state conditif dtEranass calculations also demonstrated the importance of bank storage
in calculatiisg:iotal witer:movement fromn the unconfined aquifer and the Columbia River at

100-N:Agaa: Both of thé§e factors need to be evaluated in the final design criteria for
diation technologi nsidered along the Columbia River at the 100-N Area.

t Hedeling to compare remediation alternatives for

modelitig:activities are described in DOE/RL (1995a, b,

ded & ¢ used for design purposes or for quantifying a

measure of remediafigmeffectiver -
each of the areas withi¥i'the two ofgrabie:zitits. MODFLOW was selected for flow

modeling based on its ability to sifiigilate unconfined flow on a desktop computer. MT3D
was used for transport becausg:§

fmunical

i hé:Columbia River was
modeied as a head-dependent flux boundary, wig gf.the river over the

length of the model. Steady-state flow was mo

layer for the aquifer was used. The hydraulic conductivity was uniform except f
area around a set of four wells. For the 100-H Area model, a second layer repse
Ringold formation was added to improve the calibrated fit. Different conducgisi¥]es
used for the two layers of the model representing the Hanford and the Ripg
For the river, the bed thickness was assumed to be 1 m. The conductjyg

: . ! 1 vityigfthe river bed.
was determined in the calibration. The River Package in MODFLOW k&8 used to model
the river. .;.-v

A sensitivity analysis of the 100-D Area transport model was performed to gauge the
sensitivity to porosity, dispersivity, and retardation. A calibration of the 100-H Area
transport model was performed by adjusting model dispersivity, retardation and porosity.
A table was provided listing the parameter values used in the calibration runs. Observed
chromium concentration data from October and November 1992 was used to evaluate the
calibration. The parameters resulting in the lowest mean error were used.
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Various modifications to the basic model were made to simuiate each of the remediation
alternatives, including the modification of conductivities (to represent a barrier wall} and the
location and pumping rates of mjecnon/dlscharge wells. Simulation times varied from 14
to 21 years. :

2.1.3.5 Interim Remedial Action Design in the 100 Areas

Additional modelgawere developed of the 100-HR-3 and 100-KR-4 operable units to help

The MicroFem code was used for this design study. This code is
ment flow simulator with built-in pre- and post-processing and
{triangular) nmhf.generanon Stated reasons for selecting this code were the
et hlgh resolutiem gnds around pumping and mjectlon wells, use of the finite

;. The fli #hrough the river boundary was calculated as
tlge river and the aquifer and the difference in

stage known and consLa
the product of a vermz;i

and on a water table map of June 1995 The*Battom:
Ringold contact for the 100-H Area model and
Ringold formation at 100-D.

Hanford/ngold contact data. Transmissivities were thereforc spanally variable!
Calibration was conducted using a steady-state flow model and comparing preda‘
observed heads for 1/94 to 8/95. The resistance term between the river an
varied. o ammmimy
For the 100-D Area model, aquifer thickness was assigned a unifornmyi¥alaie because there
was insufficient data to support a spatially variable thickness. Transmi®$ivity was based on
a weighted average of the Ringold and Hanford formation conductivities, which were
average values from limited aquifer test data. Weighting was by the estimated thickness of
the Hanford and Ringold formations. Calibration was conducted using a steady-state flow
model and adjusting the constant head values at the boundaries and attempting to match
water level data from 6/93 to 5/95.
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For the 100-K Area model, thickness and transmissivity were assumed constant.
Conductivity was based on limited aquifer test data. Calibration was similar to that used for
the 100-D Area model.

Steady-state flow fields were calculated for the 100 D and 100-K Area models. Five-vear
transient simulations were carried out for the 100-H area. Streamlines and capture zones
were calculated for a number of pump and treat scenarios (different well placements and
injection/extraction rates). No simulations of contaminant transport were conducted, but
concentrations in the 100-D Area were estimated based on the flow model results.

; ediation Activities

g4l for the following stated reasons. It was being
e 200 Area results could be more easily
The finite element method used by VAM3DCG
AM;’;DCG s use of transitional

ranging in size from 600 m to 9.5 m in the horizogigldirection. .
was made up of six elements, equally divided ogErihe depth of: fﬁt nceﬂﬁim:d aqu:fer at
each node location in the honzontal plane. i

bottom boundary and the boundaries along Yakima Ridge and Gabié’ Biltte were:s
boundaries. The remaining side boundaries were held at a constant head, with he
based on the June 1993 water table map. Artificial recharge from site operatia
applied at appropriate locations, but the natural recharge was assumed to bg i
represent the conditions in 1976, a large artificial recharge was applied to thegénter of the
200 West Area model and a steady-state simulation was performed Thig Sﬁeady -state

solution was used as the initial condition for transient solutions in whic$i:$ke artificial

recharge was gradually reduced. Recharge fluxes were based on previous studies.

Hydraulic conductivities were assigned based on a previous study (Connelly et al. 1992b)
modified by more recent data. Where data did not exist, average values were used.
Conductivity was uniform in the vertical direction except in a region where the aquifer
becomes quite thin. Four of the elements in the vertical direction were made inactive in this
region to avoid computational difficulties. Conductivities were isotropic in the horizontal

14



plane. Vertical conductivity was assigned a value one-tenth the horizontal conductivity. .
spatially uniform effective porosity value was used in the travel time calculations.

The transient simulation (with decreasing artificial recharge) used the steady-state
simulation results as an initial condition for 1976. The simulation results were qualitatively
compared to the June 1993 observed water table. Significant differences in the predicted
and observed heads were noted, but no boundary conditions or parameter values were
adjusted to provide a better fit.

; .up to 150 days. In addition, the uncertainty in the spatial
distribution @f ,émﬁl ponductwny was recognized and a single simulation was carried

dial Action.:
Statement (DOE 1996a) was

tes. As part of this transition, the DOE must
atéfands, facilities, and resources and how these

ensure that site-wide future land-use objectives are c:on51dcred dlm'ng the séle;
remediation methods N

e develop a comprehensive land use plan for the Hanford Site in accordang
Order 430.1, Life-Cycle Asset Management

* identify the irreversible and irretrievable commitment of natural resdiitces necessary to
implement the Richland Environmental Restoration Project Plan.

As a part of this EIS, environmental consequence analyses were performed to evaluate the

potential impacts of various land use alternatives. The future land-use alternatives
considered are described as foliows:

» Unrestricted Land Use. Residual contamination does not prectude any human
uses; however, access or certain uses might be controlled for other reasons, (e. g,
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physical hazards, cultural resource protection, habitat protection).

o Restricted Land Use. Residual contamination precludes some human uses;
restrictions could apply to the use or disturbance of surface soils, subsurface soils,

surface water, or groundwater.

e Exclusive Land Use. Potential heaith risks due to residual contamination would limit
use and require strict controls on access. Use of the area would be hmited to the
management of radioactive and hazardous materials and similar and compatible uses.
Control of ti§8%ea would be maintained by the DOE. Exclusive-use areas would

gmd over]aﬁl n the Hanford Site. The potential contaminant release
and transportt. @s!h’e envire rom each 1-km’ (0.4-mi’) cell was estimated using
the Multimedia Environmental: Pgiutant:A.

(Droppo1991), which was; foped by ie. PNNL. Modelmg results from multxple cells
were combined to estima '

were compiled from the" v H
Tracking System (SWITS), and H
and from field investigation re,

The nsk to a given receptor W e etermined b\yfﬁ'
transported from a source to that’ Trecep

terms. contaminant transport mechanisins, e&pﬁsu: f
calculate nisk or hazard index from a given exp
estimate risk.

¢harios, and the variables used to
he MEPAS mpdel was used to

To generate path-lines for input to MEPAS, the unconfined aquifer at the
simulated with the two-dimensional version of the Hanford Site grounds
(Wurstner and Devary 1993). This model is based on the Coupled ngﬁ,;ﬁnergy, and
Solute Transport (CFEST) (Gupta et al. 1987) groundwater code integifted with an
ARC/INFO database of site properties. The model is used to support work for the Hanford
Groundwater Monitoring Project.

The commercially available geographic information system (GIS) ARC/INFO has been
integrated with the CFEST groundwater modeling code (Cole et al. 1988; Gupta et
al.1987). A series of ARC/INFO macro routines and FORTRAN utility programs have
been developed to create an ARC/INFO-CFEST interface. For example, an ARC/INFO
macro may be used to select elements that represent starting points for particie travel
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analyses. A FORTRAN utility program would then generate a comimand file used tc
execute the CFEST travel path module. Another ARC/INFO macro has been written to
create a triangular irregular network surface from CFEST output from which contour maps
can be generated. Additional ARC/INFO macros for grid generation and parameter
assignment are being used in support of the three-dimensional model development under
the Hanford Groundwater Monitoring Project.

2.1.6 Hanford Groundwater Project

Groundwater modsling is being used to actively support key objectives of the Hanford
""" :‘which include 1) to identify and quantify existing, emerging, or
pality problems and 2) to assess the potential for contaminants to

gnsionakigfpundwater model and its application to
@xisting congiinant plume migration on Hanford Site
i i |

sinsed to evaluate the impact of
¢ unconfined aquifer. The model
ells in the opergiting areas (100, 200,

declining water levels on existing monitoringixalls &i
was used to predict water-level declines in selégf
300, and 400 Areas) and the 600 Area.

e effect of
re:¥iiconfinedidquifer for

declining discharges at the Hanford Site will be observedii
velifiare expegiiiio be

several decades to come and that a large number of ok
impacted.

.....

Drinking W undwater Use : R

A three-dimensional numerical model of groundwater flow and transpéitibased on the
CFEST code, was developed for the Hanford Site to support the Hanford Groundwater
Project managed by PNNL (Thomne and Chamness 1992, Thorne et al. 1993, Thorne et al.
1994 and Wurstner et al. 1995). The model was developed to increase the understanding
and to better forecast the migration of several contaminant plumes being monitored by the
project.

Recent modeling efforts have focused on continued refinement of an initial version of the
three-dimensional model developed in 1995 (Wurstner et al., 1995) and its application to
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simulate future transport of selected contaminant plumes being monitored in the aquifer
system. This version of the model was updated using a more current version of the
CFEST code called CFEST-96.

In this conceptualization of the unconfined aquifer system, the lateral extent and
relationships of the major hydrogeologic units of the Ringold and Hanford formations were
defined. Contacts between these units were identified at as many wells as possible. These
interpreted areal distributions and thicknesses were integrated into EarthVision, a three-
dimensional visualization software package, which was then used to construct a database of
the three-dimensigfial site conceptual model. The resulting conceptual model contains nine
hydrogeologic,u#ilfigbove the uppermost basalt. A brief summary of each of these units is
provided in i i

iscting simula#tions of contaminant transport with the three-dimensional model,
teady-state, twar-dimensional model of the unconfined aquifer system
§on. and Freshley 19890) was re-calibrated to 1979 water-table conditions with a
statistical‘iiverse methgid implemented in the CFEST-INV computer code. The results of
the re-calibeagion:wé éd to refingithe three-dimensional conceptual model and to

Bia gpticeptualizagion tiiipreserves the two-dimensional hydraulic properties
and knowledge of the aquifes pee-dirinsional properties for the same 1979 water-table

The transient behavictifthe thregs {ial flow model was also calibrated by adjusting
model storage properti€¥ (specific ¥ :ungll transient water-table predictions
approximated observed water-tablé:glevations between 1979 and 1996. Following the
steady-state and transient calibga#léis, the three-dimensjonal model was applied to predict

ble to postul: iz.in Hanford operations.

ﬁé‘;ﬁig_ted to be
atithe 200 Area

the effect of increased irrigation from areas up-gradient of the:titeideled regiost: and 2) the

area north of Richland, where the model considered th] f&fﬁulié’-‘éiﬁét;g of the ¥

RlChlaﬂd Well field. '

Flow modeling results also suggested that as water levels drop in the vicinity of
areas in the model, the saturated thickness of the unconfined aquifer greatly dét

may eventually dry out south of Gable Mountain along the southeast exigi§

Gable Butte anticline. This phenomena would cause the unconfined aggjjfe
and south of this line to become hydrologically separated. As a resulfif§s paths from the

200-West area and the northern half of 200-East area which currently éxtend through the
gap between Gable Butte and Gable Mountain may be effectively cut off in the future. In
time, the overall water table, including groundwater mounds near the 200-East area will
decline, and groundwater movement from the 200 Area plateau will shift to a more west-to-
east pattern of flow toward points of discharge along the Columbia River between the Old
Hanford town site and the Washington Public Power Supply System facility.
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Table 1. Major Hydrogeologic Units Used for Three-Dimensional Model
Developed by PNNL

Unit
Number Hydrogeologic Unit Lithologic Description
1 Hanford formation/ Pre- | Fluvial gravels and coarse
Missoula Gravels sands
2 Palouse Soil Fine-grained sediments and
eolian silts

Plio-Pleistocene Unit Buried soi1l honzon
containing caliche and
basaltic gravels

pper Ringold Mud Fine-grained
fluvial/lacustrine sediments
Semi-indurated coarse-
grained fluvial sediments
Fine-graimned sediments with
some interbedded coarse-
grained sediments
Coarse-grained sediments

Lower blue or green clay or
mud sequence
. Fluvial sand and grave}

flow conditions, and a high-resolution, finite-ef
calculations in the areas of current and future co

Flux Test Facility (FFTF) and emergency water supply A5E: ‘area will
continue Lo be impacted by the tritium plume originatig 3 E){}-East Arf;.ﬁ_’fm- the
next 10 to 20 years. Tritium levels at well locations i in‘thié 400 Area’?iﬁﬁ 200-E&&Akea are
expected to remain above the 20,000-pCi/l level until sometime between 2010

After that time, tritium will continue to decline to below 500 pCi/l, at some tim

impacted by elevated levels of iodine-129. Model- predlcted levels of iddine-129 suggest
that, within 20 to 30 years, iodine levels in excess of 1 pCi/l originating from the 200-East
Area would be found about halfway to the Columbia River. The iodine-129 plumes
originating from 200-West Area will be expected to migrate slowly toward 200-East Area
but model results suggest that levels in excess of 1 pCi/l would not reach 200-East Area
within 30 years.

Projected future levels of iodine-129, technetium-99, uranium, and strontium-90 show that
none of the identified water supplies on the Hanford Site, including those in the 200-East
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Area near B-Plant and AY/AZ tank farm, will be impacted by future transport of these
contaminants.

2.1.7 Composite Analysis

In response to Recommendation 94-2 of the Defense Nuclear Facilities Safety Board
(DNFSB), DOE has directed field sites to include in site performance assessments an
analysis of the impact of other radioactive sources that could add to the dose from active or
planned low-level waste (LLW) disposal facilities. In response to this, an initial composite
analysis of the Hgﬁﬁard Site was initiated in FY 1996 and is currently being conducted as
undwater Project. This composne analy51s is focusing on the 200

:liquid dlscharge facilities ( ie.,
#ig. facilities, and graphite cores
groundwater modeling strategy
’fram i be modeled, the sources and
¢ ; used for calculatmg both the

releases to the water table and long tcrm flow s
aquifer.

steady-state conditions within 100 years; final steady state would be
2500.

Forecasts of concentrations of key radioactive contaminants simulated in the transport
calculations provide the basis for final dose calculations using standard dose conversion
methodologies and exposure scenarios and parameters identified by the HSRAM (DOE/RL
1995d). Dose impacts from the existing plumes and future releases of contaminants are
being assessed in the area outside of the waste management exclusion areas and the
surrounding buffer areas established by the Future Site Uses Working Group. Potential
dose impacts to the public after site closure in 2050 for four potential exposure scenarios
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derived from HSRAM (the agricultural, residential industrial, and recreational exposure
scenarios) are being evaluated.

Because of the large uncertainties anticipated in current estimates of waste inventories. final
end-states of many LLW disposal facilities, and the future reieases of contaminants to the
aquifer from the variety of potential sources in the 200 Area plateau, this initial composite
analysis is being viewed as a first iteration that will require revisions and refinements as
records of decisions and end-states of facilities are negotiated under the Tri-Party
Agreement framework. The next iteration of the Composite Analysis is currently planned
to be conducted stagting FY 1999.

¢ydlaate the impact to: je Columbia River from Hanford-derived contaminants, the
DOE;iJ:8. EPA, and th“_fWashmgton State Department of Ecology (the Tri-Party
g ated a study referred to as the Columbia River Comprehensive

RCIA) T a;jdrcss the concerns about the scope and direction of

..‘t

QOregon State Departme :
formed in August 1995

The CRCIA, under agreement ig the CRCIA Team, was conducted using a phased
approach. The first phase of gii 2 ) components: 1) a screening
assessment to evaluate the potefis ¥ silting from current levels of
Hanford derived contammants b1 order to. 51 l ns' on interim remedlal measures

Empactiss ssment. Both components of the

to provide an acceptable comprehensr\i _________ A8
CRCIA were completed and published in DOE/R1. 999, Of relevangce to this effort is Part
i ;lumbla River

Comprehensive Impact Assessment. A brief syn
to site-wide groundwater modeling, is provid

dependence of these characteristics on soil type, groundwater chemlstry, ami
of other contaminants. Radioactive decay must also be included where

The CRCIA requirements express a concern for the spatial variability ‘&figroundwater influx
to the Columbia River, whether through seeps, springs, or the river bottom, and the effect
localized hot spots of contamination might have on river biota. In particular, groundwater
influx locations must be identified and the expected contaminant flux at these locations
esttmated. This requires an understanding of the interaction between the river and
groundwater and a spatial discretization that provides a realistic representation of critical
points of exposure.
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A number of scenarios are required to be examined in the CRCIA analysis. These includc
modeling the groundwater recharge rate in such a way that the impact to the niver from
Hanford is maximized. Similarly, dilution of contaminants in the groundwater should be
modeled to maximize the timpact. :

CRCIA requirements include an explicit, quantitative evaluation of the uncertainty in
predicted impacts. This includes considering the uncertainty in the timing and magnitude of
predicted peak concentrations. An explicit, documented definition and validation of mode]
structure and the parameters used are required. When local-scale models are used, they
must be consistently integrated with the larger-scale models, including the use of consistent
fi¥ensiand the maintenance of conservation laws across scales.

:the analysis must include the dominant factors contributing to
‘have an acceptably low level of error, distortion, and bias, and

number of software requirements on the design,
xles. These include code verification and validation,

implementation, and proc

ures
testing, and review. :

Fhgse summaries reflect information
oatracigrpersonnel from Fluor Daniel
ces Hagiford. The modeling activities

et

e performance assessments of solid waste bur

e permitting of liquid effluent facilities includ; ihe state-apgt
Site associated with the ETF gte

» solid waste environmental impact statement

2.2.1 Performance Assessments of Solid Waste Burial G (;unds i
Areas

Since September 26, 1988, performance assessment analyses have been r
Order 5820.2A to demonstrate that DOE-operated waste disposal faciliti 3
DOE-generated low-level radioactive wastes can comply with perforrpangigidbjectives
quantified in the order and summarized in Table 2. Two separate perféfiniance assessments
(Wood et al, 1995 and 1996}, that have included use of groundwater modeling have
recently been completely for new solid low-level waste disposal facilities located in the 200
East and 200 West areas. The following is brief description of the scope and specific

groundwater modeling activities carried out to support these analyses.

The performance assessment of the 200 East Area low-level burial grounds (LLBG)
examined the long-term impacts of LLW and radioactive constituents of the low-level
mixed wastes (LLMW) disposed in waste burial areas in two locations: 1) the active 218-
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Table 2. Performance Objectives Used in the Performance Assessments of the 200
Solid LL'W Burial Grounds

Exposure Pathway Time Period (yr.) Performance Objectives

All pathways less than or equal to 10,000 | 25 mrem/yr.

less than or equal to 10,000 | 4 mrem/yr.

gtvier of ZO_Q East Area. A separate ana]y51s was included to
""" tment wastes disposed of in trench 94 of the 218-E-
% glgposed in active and inactive burial grounds

:Area low-level bunal grounds (LLBG)

sgci fadioactive constituents of the LLMW
$43'Situated along the west boundary of 200 West
analysis included 218-W-3A, 218-W-3E, 218-
W4C and 218-W-5. Low-leveki#astes disposed in reu_r_gd or inactive bunal grounds
before September 26, 1988, (2 W-2, 218-W-4A;

groundwater exposure scenarios were consui'"_" E:scenario conststed of an all
pathways exposure in which 1) radionuclides ar
subsequently transported by infiltrating water thrg
unconfmed aqu1fer and 2} an mdwndual drills a:

l,.: ----- n
contaminated water, cr0ps milk, and beef, direct €xposi gamma
radionuclides in soil, and inhalation of contaminated d‘:‘: i“T'he St

unconfined aquifer was considered.

The conceptual model of the analyses by Wood et al. (1995 and 1996) focuse :
incorporating two general processes that fundamentally control prOJccted.mmcemtranons of
radionuclides released from the LLW dlsposal facilities in groundwater:w hgts

radionuclide activity mixes with the volume of groundwater determined by the regional
flow characteristics to flow beneath the facilities. To represent these processes, Wood et al
(1995 and 1996) assumed that the waste volume representative of the total wastes disposed
in the LLW facilities could be approximated by a three dimensional rectangular box
projected onto a two-dimensional plane oriented parallel to the general direction of
groundwater flow.
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The numerical representation of this conceptual model was established in a two-
dimensional cross-sectional model based on the VAM3D-CG code developed by Huyakom
and Panday (1994) that extended from the disposal facility to the uppermost 5 meters of the
unconfined aquifer. The position of the water table in the cross-section was estimated
using the site-wide model developed for use in the performance assessment (see appendix
E of Wood et al., 1996). The model was used to estimate steady-state post-Hanford site
conditions underlymg the various LLBG areas.

The radionuclide release modeling results for the representative two-dimensional cross-
section were extrapolated to different waste volumes and waste inventories. The following
points are key f the extrapolation process:

iixdted by the
@ises indhianalysis, including

e advective releases w
throughout the was|
thlS case, the inte

diffusion coefficient.

¢ The volume of groundwater that mixes with the radionuclides released:#iit
is proportional to the linear dimension of the waste volume footprintiiatis
perpendicular to the direction of flow. Relatively little dispersion‘isialfowed in the
model and the area over which the groundwater and the contaminant plume intersect is
essentially the same as that of the area underneath the waste volume. The orientation of
the areal footprint of the waste volume relative to groundwater flow remains constant.
Thus, as the linear dimension of the footprint perpendicular to flow decreases or
increases, the volume of mixing groundwater increases or decreases.
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2.2.2 Liquid Effluents Program Support

Under the Hanford Site State Waste Discharge Permit Program, the site discharges treated
cooling and wastewater to the soil column at several locations in accordance with the
Washington State Administrative Code (WAC) 173-216 and DOE Order 5400.5.
Individual discharges permits include the following sites:

In 1997, groundwater modeling, 3
reqmrcmcnts for the ETF drqu:

groundwater used in the original permit one year after fi
groundwater.

support this reevaluation of groundwater monitoring and fac:hty performam - 'ﬂlé site-i
wide model was used to simulate transient flow for the Hanford Site oveg xt 100 to~
200 years. These predicted flow conditions were used to provide bougidzs ‘tonditions for

a highly refined and detailed three-dimensional sub-model of the uncort‘f"ned aquifer in the
immediate vicinity of the SALDS.

A comparison of results from a number of numerical models applied to ETF in the past
indicated that earlier predictions of facility performance which showed tritium migration
from the SALDS reaching the Columbia River, were too simplified or overly conservative
in their assumptions of source term release. The most recent modeling showed that, when
reasonable projections of flow and tritium discharges at SALDS are used, concentrations of
tritium above 500 pCi/l migrate no further than 1.5 km from the facility.
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2.2.3 Solid Waste Environmental Impact Statement

DOE has announced its intent to prepare an environmental impact statement (EIS) for the
Solid Waste Program at the Hanford Site. The Hanford Site Solid Waste Program manages
several types of solid wastes at the Hanford Site, including low-level, mixed low-level,
transuranic and mixed transuranic, and hazardous wastes, and contaminated equipment.
Mixed wastes contain radioactive and hazardous components. Other solid waste types (i.e.,
high-level waste, remediation waste) and spent nuclear fuel are

ord Site programs.

personne! from Jacobs Engmeerlng Group, In¢
Company (LMHC). The modeling activities su
following key TWRS projects: :

sociated with the

¢ TWRS Environmental Impact Statement
e Hanford Tank Initiative R i
e Performance Assessment of the Hanford Low Activity Waste Digposal Faéﬂﬁy

2.3.1 TWRS Environmental Impact Statement

This environmental impact statement addresses actions proposed by 9 manage and
dispose of radioactive, hazardous, and mixed waste within the Tank Wasw Remediation
System program at the site (DOE 1996b). The waste includes more that 177 million curies
in about 212 million liters of waste stored or to be stored in underground tanks in the 200
Area plateau. This EIS also addresses DOE’s plans to manage and dispose of 1930
capsules contatning 68 million curies of cesium and strontium.

As part of this EIS, environmental consequence analyses were performed to evaiuate the

impacts of a number of tank waste management alternatives including continued
management alternatives with no retrieval, minimal retrieval alternatives, partial retrieval
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alternatives, and extensive retrieval alternatives. The groundwater part of the consequei..c
analysis evaluated contaminant transport through the saturated unconfined aquifer using the
aquifer model based on the VAM2D code (Huyakorn et al. 1991) at each of the eight tank
source areas and the LAW disposal facility.

A conceptual model was developed for the unconfined aquifer that included Hanford Site
stratigraphy, the upper and lower aquifer boundaries, and a table of material units and
corresponding flow and transport parameters. The conceptual model was used to guide the
setup of the numerical model. A grid spacing of 250 m (820 ft) was established for the
Hanford Site and_gixerlain onto a site map containing physical features and the source area
boundaries. Nodtnasbers of model boundaries (e.g., basalt outcrop and sub-crop areas,
iver nodes,:#a reffluent discharge points, the eight tank source areas, and the

day condition that may dissipate ove¥:¥heiiax
waste management practices. It is conservative:
and risk perspective to determine groundwater
the vadose zone would be thinner in the 200 West:
travel times would be faster to the groundwater

uncertainties of waste disposal practices and how they would affect the present
groundwater mounds, future land use such as irrigation to the west of the site ag
site, uncertainty in the depth of contamination in the unconfined aquifer, ang;
change.

Once the initial flow modeling was completed, input files were develapggi¥o perform
transient transport modeling from each source area for each of the alternatives. The results
of the vadose zone modeling were used te develop input records for the groundwater
model. Consequently, each groundwater simuiation calculated contaminant levels in the
unconfined aquifer resulting from a single source area. These were later combined during
post-processing to represent contaminant levels from all source areas.

The approach of performing separate contaminant transport simulations for each source
area and each Kd group and later combining the results during post-processing allowed one
model simulation to represent all contaminants with similar mobility from one source area.
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2.3.2 Hanford Tank Initiative - AX Tank Farm Retrieval Performance
Evaluation Criteria Assessment

A screening level sensitivity analysis using the MEPAS code was carried out with the stated
purposes of identifying and ranking transport parameters and evaluating the importance of
transport processes in the vadose zone (JEGI, 1997). The screening analysis was intended
to help focus development of more detailed two- and three-dimensional models and to help
define the data needed to reduce uncertainties in the risk assessment process.

advantage
wide ap
of Ch o

nine-layer vadoss:
based on data from a numbe
and Freeman, 1995). Disy
were obtained from thei
model: the influence ¢

d:Eorption near the tank release, the influence of
B Th boreholes or via clastic dikes, the effect of

5! and the effect of unsaturated zone heterogeneity.
imited the abili ccurately model these transport

-gimmunication, Phil Rogers, JEGI).
altépsiative remediation and closure

l1s a two-din
jtiant transpggt

Project model resuits as a validation exercise. A preliminary draft report for D@
scheduled for completion in April 1998; a public draft is due in June 1998

2.3.3 Hanford Low-Activity Waste Disposal Facility Perforarance
Assessment N

The Hanford low-activity waste disposal facility performance assessment provides an
analysis of the long-term environmental and heaith impacts of the on-site disposal of
Hanford low activity wastes (LAW). DOE/RL is currently proceeding with plans to
permanently dispose of radioactive and mixed wastes that have accumulated over the last 50
years in single- and doubie-shell tanks in the 200 Areas of the site. Based on the Hanford
Federal Facility Agreement and Consent Order (also known as the Tri-Party Agreement or
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TPA), waste currently stored in single- and double-shell tanks will be retrieved and
pretreated to separate the low activity liquid fraction from the high-level and transuranic
wastes. The LAW fraction will then be vitrified and disposed of on-site in a near-surface
disposal facility located in 200 East Area.

DOE Order 5820.2A (DOE 1988), which is the primary regulation governing the
management and disposal of radioactive wastes at DOE facilities, requires the preparation
of an assessment of the long-term environmental and health impacts of the proposed
disposal facility for DOE approval.

; ) hation documented include the disposal site locations, geology,
waste IAvEII0 :._ aiexof rechagge, disposal package and facility design, release rates
i :gfameters, geochemical parameters, and dosimetry.

values described.

Most of the data uscq il

grii:gpeeihic, and facility- specnﬁc data that are planned to
be generated over the next two t ﬂm years.

S LAW dlspasnif‘
principal site, which is located in;the sou_ lrai

generated as wastes are retrieved frdr’i}.'

by private vendors. Another site, which is 10
disposal facility just east of the 200 East area, W
of vitrified wastes from private vendors while the
developed and constructed.

intertm steps of storage and eventual dlsposal mcludmg

» modification of four existing concrete disposal vaults at the grout site |
provide access for the immobilized low-activity waste containers

. placement of the LAW containers and filler material in the m()dlﬁﬂ_: #lifts with the
intent of future disposal in the grout facility EE

» construction of the first set of next-generation disposal facilities at the principle LAW
waste site

s emplacement of LAW containers into these next generation disposal facilities.

The transport analysis of contaminants from the disposal facility considered the key
physical and chemical processes causing release from the glass waste form and subsequent
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vertical and lateral transport through the vadose zone to the underlying groundwater. Once
in the groundwater, environmental and health impacts were evaluated 100 m down-gradient
of the facility and at the Columbia River. Groundwater impacts down-gradient of the site
constdered the dilution of contaminated vadose zone water in groundwater and additional
dilution created by a pumping well assumed for the family farm scenario.

The ILAW PA used the PORFLLOW code to model both moisture flow and contaminant
transport in the vadose zone and groundwater. Seven-codes were investigated in detail,
while an additional nine codes were considered based on earlier reviews. Although several
codes had many ef:the required and desired features, the PORFLOW code was the only
code considerediig:figve all required and desired features. A major consideration was the
use of PO Grout Facility Performance Assessment (Kincaid et al. 1995).

dose zone from the LAW disposal facility was represented
sional axial-symmetric cross-section extending from the
Hanford and Ringold formations in the vadose zone to the

nodel based on the PORFLOW code. Development
i§le-model was based on the hydraulic properties used
by BHJ:based on the VAM3DCG code.
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3.0 Summary of Needs and Requirements

This section of the report provides a summary of recommended needs and requirements
identified for consolidation of site-wide groundwater modeling in this initial assessment.
These recommendations were developed based on a review of the objectives and attributes
of implementations of groundwater models for ongoing and planned projects within the
Environmental Restoration, Waste Management, and Tank Waste Remediation System
programs briefly described in Section 2. Comparative summaries of the status, objectives,
drivers and mod_&img attributes of all the modeling activities described are provided in a
series of tabl 'fﬁlﬂ&s A.1, A2, A3, and A.4) in the Appendix of this report. The

Jated to long-term maintenance and care of the
 processes needed to foster consistency in modeling

Other Needs and chunreme
consolidated site wide modgg
applications.

3.1 Modeling Objectives

In defining the needs and requirements of a cofi§:
objectives of the modeling study must be considé
modeling apphcations have been carried out (0§

and dose mode]ing for

e site-wide assessments (Composite Analysis, Columbia Riv
Impact Assessment)

e local-scale assessments.

e design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment and, contaminant removal/cleanup

» design and evaluation of site monitoring networks to predict:
» fate and transport of existing and emerging contaminant plumes
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e transient hydraulic behavior of the water table and unconfined aquifer system in
response to changing waste management practices, environmental restoration
alternatives or waste facilities end states

s performance of groundwater remediation alternatives. and
® risk assessments
Although these modeling objectives result in different, and sometimes opposing,

requirements for the models, there are a substantial number of shared needs and
requirements.

1¥:among groundwater modeling efforts at the Hanford Site is the
'j_!he conceptual and numerical models are based. These data

ial grou yéiwater flow and transport modc] however,
without a mgmﬁcant au’i@um of 4 % g_i;lnterpretauon For cxamp]e well logs undergo

a geologic interpretation to 1dent1f§z

used to develop parameter dlsm, 1
significant hydrogeologic units) foran
do not depend on any particular numg

scales (e.g., in sub-models) or with different groundwater computer codes This allows for
use of the numerical representation and computer code that is most appropriate for
simulating the groblem being considered. Currently, links have been created between

ARC/INFO and the CFEST code, but creating links to other groundwater flow and
transport codes, as was demonstrated in the VAM2D implementation for the TWRS-EIS, is
possible so that a suite of codes would be available for use at the Hanford Site.
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An additional advantage of the site-wide model parameter database is that it can be based on
a current consensus interpretation of the characterization data and can be updated as new
data become available. The baseline geohydrologic condition i1s well established for the
unconfined aguifer (Hartman and Dresel 1996, Wurstner et al 1995; Law et al. 1996, and
Connelly et al. 1992a and b,). However, because data continue to be gathered and because
newly gathered data do not always fit the existing conceptual model, a continuous effort is
required to continually evaluate the data and refine the geologic and hydrogeologic
conceptual models. As active and planned disposals and remediation sites are
characterized, our knowledge grows regarding the vadose zone beneath these sites.
Sediment or contaminant profiles (or both} beneath several sites have been studied in recent

years and greati¥expanded our knowledge of the vadose zone. Studies conducted for the

available sité=wigied
user-tailored database systemigtiiis
systems include the HGIS:: pscicnt'jéstata Analysis Toolkit (GeoDAT), and

WELLDOCS databases::; atiog:centained in these databases can be processed

CYEINFO and EarthVision to develop parameter
i gmerous other smaller database systems also exist.
Portions of these databases may beiagiplicable to a site-wide modeling database.

Redundancies should be minimi#i:and databases combined as appropriate.

In a sense, the site-wide model parameter datgbiase iiouigisepresent the most complete and
e guse of the multiple modeling
objectives in use at the Hanford Site s X éver, it is likely that more than
one conceptual model may be appropriate. Cuszeitivi ke conceptual model of the
unconfined aquifer at Hanford developed by thésagv#iflance prograsiiat PNNL includes
ten layers representing the Hanford formation, Rigigadd formation:iatid s i

(Wurstner et al 1995, Thorne et al 1993, Thornesigd es 1992,
model developed by BHI and WHC in support 8§ RCRA ani#CERCLA sif§iat Hanford
includes three layers representing the Hanford formatiop:idiRuigald formation,.and
includes an impermeable lower boundary, the basalt. T#¢onceptiglinodel uskiii
of the Hanford Tank Initiative represents the unconfined aquifer as #ingle layet
assumptions embodied in these conceptual models and the methods used to develop
parameter distributions for the associated numerical models are different. Docunséistas
should be maintained that demonstrates the consistency of all groundwater gifigéptial
models in use at the Hanford Site.

upport

To summarize, the major needs and requirements for a consolidated s'ﬁe—swde groundwater
modeling program with respect to the conceptual mode] are as follows:

* A common site-wide database based on a GIS, containing all the information necessary
to develop parameter distributions for use in a model should be used in all modeling
applications.

¢ This model parameter database should be based on a consensus'interpretation of the
available data.
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e The database and data interpretations should be updated as new data, on both the local
and regional scale, become available.

e Any conceptual models that make additional simplifications to the site-wide modeling
database should include adequate documentation to demonstrate consistency. Such
documentation may include a list of assumptions made, their justification, and
comparisons with simulation results based on the most complete and complex
conceptual meodel.

Needs and Reguirements

i poss;ble however, that a single code will be adopted in the future
water modfﬂmg, the needs and requirements in this section were

3.3.1.1. Flui

technologies such as in-situ REDOX tféatme :
effects of variable density would be desirable.”

3.3.1.2 Hvdrologic Properties

elc.) in important gcohydrolognc features. The code should allow am-sotroplc hydﬁuif
conductivity values.

3.3.1.3. Unconfined and Confined Aquifer Conditions

The selected code should be capable of simulating flow and contamifi@ititransport in
unconfined and confined aquifer systems. e

3.3.1.4 Spatial Scale of Analysis

The selected code should be capable of simulating flow conditions at the scale of the entire
Hanford Site and have robust sub-modeling capability to facilitate the systematic transfer of
attributes of the site-wide flow and contaminant transport model to local-scale models as
appropriate.
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3.3.1.5 Temporal Scale alysis

The selected code should have the capability to effectively simulate flow on a variety of
time-scales ranging from a few years to 10,000 years at both the scale of the entire Hanford
Site and at the local scale.

3.3.1.6 Contaminant Transport

The selected codecﬁhould be capable of simulating contaminant fluxes in two- and three-
dimensions as, g n of the various driving hydrologic processes and mass transport
phenomena,: idvection, hydrodynamic dispersion, molecular diffusion, and

effects of radioactive decay. Another desirable
gapabilities to analyze the effects of complex decay

but not required featuré‘would inc]
chains (for example, the decay o

simulate flow conditions only, contarmm.imnsport based on previously simulated flow
conditions, or combined flow and contamina

analyses in two- and three- dnmensmns

3.3.1.11 Boundary Conditions

The selected code should be capable of incorporating time-dependent and spat ARy vary :
boundary conditions. The code should be capable of simulating homogegg ) e

homogeneous Dirichlet (constant head/concentration) and Neuman (cogs
boundary conditions. The selected code should also have a prescribediip
incorporation of time- and space-dependent sources and sinks of water‘and contaminant.

3.3.2 Administrative Requirements

3.3.2.1 User Interface Issues

Pre- and Post-processin ftware. The code should interface with some form of pre- and
post-processing modules that allow the user to readily set up problems and to understand
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results. Graphical interfaces are preferred to text interfaces. Such pre- and post-processing
modules could be an integral part of the code. In particular, the capability to graphically
display the numerical grid discretization along with zone identifiers, contaminant and water
fluxes across selected boundaries and/or regions-in the modeling domain, and contours,
spatial cross sections, and time histories of contaminant concentrations is highly desired.
The pre- and post-processing systems can be commercial or public domain products not
developed by those responsible for the computer code.

C soupling with Ge ggraphic Information System. The code should have the capability to

documentation pr0v1des"a refereng ,_;gbpsé who want to evaluate the numencal mode] as
well as a reference for the actual devglopment and application of a numerical model for a
particular problem. The user’s; ;gj.’iide should include a dcscrlptlon of the input requnred
including the 1mplememanon5'£'1 ail execution opt £l
description of the output optionsishould alsa:be

user mterfaces to assist in the develo """

should be described, including formattmg and H

Code Venﬁcatlo Evidence of verlﬁcatlon sh

Body of Model Applications. The selected code should be well regarded among
and regulatory community. In particular, the code should be acceptable to th
Environmental Protection Agency and the Washington State Department of.
environmental assessments at the Hanford Site. The code should have beéifiiged in
simulations of the Hanford Site unconfined aquifer with the results pub #'in externally
reviewed documents.

3.3.2.3. Availability and Cost

The executable code should be available to the public at a reasonable cost for the purposes
of repeating calculations and confirming resuits.
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3.3.2.4 Accessibility and Cross Contractor Use

The code must be available for use by all contractors performing Hanford Site groundwater
modeling.

3.3.2.5 Code Availability and Version Control

The version of the code should be a recent version, preferably the last one that has been
fully tested. For codes that are well established, the use of a well-tested version may
_anewer, but less tested version. The software should be maintained

ve a variety of computational algorithms and solvers to facilitate
i wide variety of flow and contaminant transport probles.

The selected code should
workstations and platfo;

able ofBeing run on a variety of computational
-based workstations.

ciudmg Ul

Proprietary codes w111 bc considefed: if thcy provide an advantage over public domain
codes and only if the author(s-_ CRISE dlan(s) aliow mspectlon and verification of the source
code by DOE and its agents*;¥hgse inspections andfé rification reviews may be required
to assist DOE and its contractors'to rectlfy:pmh'l 3 i
or in working with the code author ' "'1mp'teclm"
enhancements.

3.3.2.8 Technical Support

The selected code should be sufficiently well d ;

Hanford specific applications.

3.3 Other Needs and Requirements

-programs has
yielded results that were inconsistent with those generated by mode]mg groups in other

programs. The identified inconsistencies in results, in most cases, have found their root
causes from differences in

. the modeling objectives

. the definition of the conceptual model arising from differences in the sources and
interpretations of data and the assumptions made
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. the definition of the model boundary conditions

. the development of parameter distributions used in the numerical model, including
the methed of calibration .

. the computer code(s) used {e.g., two versus three dimensions)

. the numerical model discretization, typically chosen to balance accuracy and the
amount of time/money available

. interpretation of numerical model results, including estimates of uncertainty and

;owarcl ensuring consistent development of parameter esumates
rtant should be a requirement to estimate the uncertainty in

has in place the \
composed of representatnv:e" 41s contractors conducting env1ronmcntal dose
assessments on the site, TheirciFrent cha#tit is to provide site wide review service.
consistency checks, and:gaidancéifor stukies:

environmental dose cilélations.
groundwater modeling activities

maintaining a detailed administrative record
* conceptual model interpretations andi

¢ development of new parameter esumates for, digina
calibration is done in response to new infa
testing, or water level measurements

¢ selected codes and related software as new capabilities are mcorporate
updated versions of the codes are acquired

» testing and evaluation of the numerical model in response to code modi gHtons or -
updates to the numerical model parameter estimates

¢ identification and implementation of model capabilities based on 1m§zr!§eved
e transport theory (€.g., chemical reactive transport)
e computational and numerical methods
e computational equipment
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APPENDIX

P DIN
N, W, NT NK W
N R M
This appendix coskd ins comparative summaries of the status, objectives, drivers and
modeling attry gll the modeling activities described in Section 2 of this report. The
mforrnauo id in a series S of tables (Table A.1, A2, A3,and A4)and is
based on, éw of tl'id: ‘bjectives and attributes of J.mplcmentauons of groundwater

figoing and plat;ncd projects provided to project staff by DOE/RL and
fithe Environmental Restoration, Waste Management, and Tank
:Programs. These summaries were also devclopcd in part from
mformanon athered:d uring consultations with U. S. Environmental Protection Agency,

‘State Tipartment of Ecology, the Nez Pierce Indian Nation, the Yakama

Indian Nation, ‘4tidthe ER s :of the Hanford Advisory Board.




Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial
Modeling Action Design Analyses

Focused Feasibility
Studies

Bank 100-H

‘ 100-H 100-D
Model Atiributes LWDF's | Storage | N Springs Area 100-D Areal

Area Area

Current Status

Work Completed

No future work needed

Future Revisions Needed

Work Initiated

Work Planned and In Baseline

Work Planned and not in Baseline

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Orders

Facility Permitting

Emergency Response

Public Interest

Purpose or Objective of Analysis

Disposal Site Screening Analysis

Site Performance Assessiment

Design and Evaluation of Remediation
Strategy i

Assessment of Environmental Tiipiiis:

Evaluation of Monitoring Network:#ifi)
Design '

Risk Assessment

n/a not applicable; VZ vadose zone; GW proundwater A3l



Table A.1.

Model! Attributes of Key Projects in the Environmental Restoration Program

100-N Aren Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies
Bank 100-11 100-1 100-D
Model Altributes LWDF's | Storage | N Springs Area 100-D Area Area Area
[Scope of Analysis
|Dimensionatity 3D 2-D 2D 3-D 1.D

Model Qriemtation

Cross-seclion

Arcal/ X-sect

Flow Analysis

Vadose Zone Flow

Transienl

Transien

Groundwater Flow

Transient

Transicent

Steady-state

Transient

Transient

Steady-slate

Stcady-state

Transport Analysis

Vadose Zone Transpo:t

Transient

Groundwalter Transport

Transient

Transient

Transient

Geochemical Capabilities Used/Required

Sorption

Radioactive Decay w/o chain decay

Radioaclive Decay with Chain Decay

Secale of Analysis

Spatial Scale

Local

Local

Lacal

1.ocal

Local

Time Scale

<50 yrs

<30 yrs

<50 yrs

<50 yrs

<50 yrs

Codes Used

VAMIDCG

GW

GwW

PORFLOW

STOMP

MEPAS

CFEST-SC or CFEST-96

MICROFEM

GwW

MODFLOW

aw

GW

MT3D

GwW

GW

Spreadsheet Analysis

Flowpaith

n/a not applicable; VZ vadose zone; GW groundwater

A4




Table A.l1.

Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Fensibility
Modeling Action Design Analyses Studies
Bank 100-H 100-H 100-D
Madel Attributes LWDF's | Storage | N Springs Area 100-D Area) 208 Area Area
Boundary Conditions
Dasalt Ouicrops n/a na n/a na n/a
Cold Creck Valley n/a na nfa na n/a
Dry Creek Valley n/a n/a n/a n/a n/a
Yakima River n/a n/a n/a n/a n/a
Columbia River i
Constant Head Transient Transicnt Transient | & Steady-state | Steady-stalc

Constant Flux

l.ocal-scale Doundaries

Constant Head

Steady-state | Steady-stale Slendy-slﬁii .Sicady-slalc Steady-state | Steady-state | Sieady-state

Constant Flux

MNaturat Recharge

Xx- x X
Base of Model

5 m below Water Table

lanford/Ringold Contact

Top of Lower Ringold Mud Unit X X X X

Top of Columbia River Basalis

n/a not applicable; VZ vadose zone; GW groundwater AS




Table A.L.

Model Attributes of Key Projects in the Environmental Restoration Program

Maodel Attributes

100-N Area
Modeling -

Interim Remedial
Action Design Analyses

Focused Feasibility
Studies

Bank

LWDF's | Storage

N Springs

100-H
Area

1006-1
Area

100-D
Area

100-D Area

Hydraostratigraphic Units

Hanford Formation

Ringold Formation {as single unit)

Combined Hanford / Ringold Formation

Palouse Soil

Plia-Pliestocene Unit

Upper Ringold (Unit 4)

Middte Ringold (Unit 5)

Middie Ringold (Unit 6)

Middle Ringold (Unit 7)

Lower Ringold (Unit 8)

Basal Ringold {Unit 9)

Columbia River Basal

Contaminants Considored

Radionuclides

Chemicals

Chromium

Chromium

n/a not applicable; VZ vadose zone; GW groundwater

A6




Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental §
Site-Wide Restoration cdlh 200 Area
Remediation Disposal ndEia Soil
Maodel Attributes Strategy Facility wediation

Current Stafus

Work Completed

No future work needed

Future Revisions Needed

Work Iniliated

Work Planned and In Baseline

Work Planned and not in Baseline

Drivers

CERCLA .

RCRA Compliance

NEPA

DOE Orders

Facilily Permilling

Emergency Response

PPublic Interest

.|Purpose or Objective of Analysis

Disposal Site Screening Analysis

Site Performance Assessiment

Design and Eyaluation of Remedilitli Stratcg

_____ x X X
Assessment 9 Environmental Inddtts X x x
Evaluation g :Maailoring Network and Dsgi
Risk Assessmieig X X

n/a not applicable; VZ vadose zone; GW groundwater A7



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental
Site-Wide Restoration 200 Area
Remediation Disposal
Model Attributes Strategy Facility

Scope of Analysis

Dimensionality 3-D

Model Orientation

Flow Analysis

Vadose Zone Flow

Groundwater Flow Transient:

Transpont Analysis

Vadose Zone Transport

Groundwaler Transport

Geochemical Capabilities Used/Required

Sorption

Radioactive Decay w/o chain decay

Radioactive Decay with Chain Decay:

Scale of Analysis

Spatial Scale Local Site-wide Local/ Site-wide

Time Scale <]0,000 yrs <10,000 yrs

Codes Used

VAMIDCG

GwW ?

FORFLOW .

VZ/GW

CFEST-SC o - GW

MICROFEM

MODFLOW

MTID

Spreadsheet Analysis

RESRAD VZ/IGW

n/a not applicable; YZ vadose zone; GW groundwaier AR



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanford
Site-Wide Restaration ° 200 Area
Remediation Disposal ;
Model Attributes Strategy Facility

Boundary Conditions

Basatt Owtcrops

No Flow X
Rattlesnake Hills Spring Discharge
Cold Creck Valley
Constant Head
Canstant Flux Sleady-siate:;

Dry Creck Valley

Constant Head

Constant Flux

iflleady-state

Yakima River

Constant Head

Steady-state

Constant Flux -

Columbia River

n/a

Constant |lcad

Constant Flux

Stendy-state

Local-scale Doundaries

n/a

Natural Recharge

X

Base of Model

5 m below Water Tabte

Hanford/Ringold Contact

Top of Lower Ringold Mud UR:

Top of Colilibia River Basalts

n/a not applicable; VZ vadose zone; GW groundwater

A9




Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental
Site-Wide Restoration 200 Area
Remediation Disposal ;. Soil
Model Attributes Strategy Facility iation
Hydrostratigaphic Units 2
Hanford Formation
Ringold Formation (as single unit) X

Combined Hanford and Ringold Formation

Patouse Soil

Plio-Pliestocene Unit

Upper Ringold (Unit 4)

Middie Ringold (Unit 5)

Middte Ringold (Unit 6)

Middle Ringold {(Unit 7)

Lower Ringold (Unit B)

Basal Ringold {Unit 9)

Columbia River Basalt

Contaminants Considered

Radionuclides

Chemicals

n/a not applicable; YZ vadose zone; GW groundwater A10



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Maodel Attributes

Hanford Groundwater Project

Empacis to
Future Drinking Water

Water-Level Systems and

Assessment Groundwater Use

Canyon
Disposition
Initiative

Current Status

Work Completed

No future work needed

Future Revisions Needed

Work Initiated

Work Planned and In Daseline

Work Planned and not in Baseline

Drivers

CERCLA

RCRA Compliance

NEPA

DOC Guidance

Composile Analysis
Guidance

DOE Orders

Facility Permilting

Fmergency Response

DNESH

94-2

PPublic Interest

Purpose or Objective of Analysi

Disposal Site Screening Analysis

Site Performance Assessment

Design and Evaluation of Remediation Stra

Assessment of Environmental Impacts

Evaluation of Monitering Network and Design

Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater

All




Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Maodel Attributes

Hanford Groundwater Project

Future
Water-Level
Assessment

linpacts to
Drinking Water
Systems and
Groundwater Use

Canyon
Disposition
Initiative

Scope of Analysis

Dimensionality

2-D

Model Orientation

Areal

Flow Analysis

Vadose Zone Flow

Groundwater Flow

SS & Transient

X

Transpost Analysis

nfa

Vadose Zone Transport

Transient

Groundwater Transport

Transient

Geochemical Capabilitics Used/Required

Sorption

Radioaciive Decay w/o chain decay

Radioactive Decay with Chain Decay

Scale of Analysis

Spatial Scale

Flie-wide

Sile-wide

Site-wide

Site-wide

Time Scale

<200 yrs

<1000 yrs

>10,000 yrs

Codes Used

?

VAMIDCG

PORFLOW

STOMP

vz

MEPAS

CFEST-SC or CFEST-96

GW

GwW

MICROFEM

MODILL.OW

MTID

Spreadshect Analysis

n/a not applicable; VZ vadose zone; GW groundwater




Table A.3. Mode! Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project
Impacts to
Future Drinking Water Canyon
Water-Level Systems and Disposition
Model Atiributes Assessment | Groundwater Use Initiative
Boundary Conditions Undecided

Basalt Outcrops

No Flow

Raulesnake Hills Spring Discharpe

Cold Creek Valley

Constant Head

Constant Flux Steady-stale

Dry Creek Valley

Constant Ilead

Constant Flux

-"ﬁdy-staic

Steady-state

Yakima River n/a

Constant Head

Constant Flux

Columbia River

Constant llead s-_i_g_gﬂy-slmc Steady-state

Constant Flux

Local-scate Boundarics n/a n/a wa

Natural Recharge

Hase of Model

5 m below Waler Table

t1anford/Ringold Contaci

Top of Lower Ringold Mud Unit

Top of Columbia River Basalts

n/a not applicable; VZ vadose zone; GW groundwater A1l




Table A.3. Model Attributes of Key Projects in the Environmentai Restoration Program

Hanford Groundwater Project

Empacis to
Future Drinking Water Canyon
Water-Level Systems and Disposition
Model Attributes Assessment Groundwater Use Initiative

llydrostratigraphic Units Considered

Hanford Formation

Ringold Formation (as single unit)

Combined [ lanford and Ringold Formation

Palouse Soil

Plio-Pliestocene Unil

Upper Ringold (Unit 4

Middle Ringold (Unit 5}

Middle Ringold (Unit 6}

Middle Ringold (Unil 7)

Lower Ringold (Unit 8)

Dasal Ringold (Unit 9}

Columbia River Basalt

Contaminants Considered

Radionuclides

Chemicals

n/a not applicabie; VZ vadose zome; GW groundwaler

Ald




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Model Attributes

Waste Management

ka Waste Remediation System

LLW Burial Grounds

Performance
Assessment

Liquid Effluents
Program

200 East
Area

200 East
Area

ETF

Other

Waste EES]

TWRS Low Activity
Waste Disposal
Facility

Interim
PA

Final PA

Discharpges

Current Status

Work Completed

No fulure work needed

Future Revisions NeecCed

Work Initiated

Waork PMlanned and In Bascline

Work Planned and not in Baseline

PA Maintenance

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Orders

38202A

5820.2A 5820.2A

Facility Permitling

Emergency Response

PPublic Interest

Purpose or Objective of Analysis:iiii

Disposal Site Screening Analysis

Site Peclormance Assessment :

Design and Evaluation of Remcdiation S

Assessment of Environmental Impacts

Evaluation of Monitoring Network and Desigh

RRisk Assessment

n/a not applicable; VZ vadose zone; GW groundwater

A.lS5




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management

Ta

Waste Remediation System

LLW Burial Grounds TWRS Low Activity
Performance Liquid Effluents Waste Disposal
Assessmenl Program Facility
200 East | 200 East Other Interim _
Model Attributes Area Area PA Final PA
Scape of Analysis .
Dimensionalily 2-D 2-D 2-D 2-D 2-D 2-D
Modec! Orientation X-section | X-section :{ Areal/X-sect | Arcal/X-sect ] Arcal/X -sect{ Areal/X-sect
Flow Analysis
Vadose Zone Flow , 21 Ricady-state | Transient |SS & Trans. | SS & Trans.
Groundwater Flow Steady-state | Steady-state | ! ‘| Steady-state | Steady-state | SS & Trans. §SS & Trans.
Transport Analysis HEE
Vadose Zone Transport Transienl | Transient ! Transicmt | Transient
Groundwater Transport Transient | Transiemt | Teansient | Transient
Geochemical Capabilitics Used/Required -
Soeption X X X X X
Radioaciive Decay w/o chain decay X X X X
Radioactive Decay with Chain Decay X X X X
Scale of Analysis
Spatial Scale Site-wide | Site-wide [Loc/ Site-wdll.oce/ Site-wd]Loc/ Site-wd
Time Scale <10,000 yrs | <10,000 yrs | <10,000 yrs | >10,000 yrs | >10,000 yrs
Codes Used ?
VAM2D/VAM3IDCG VZIGW GwW GWwW
PORFLOW VZ/IGW VZ VZ
STOMP vZ
MEPAS ~VZIGW
CFEST-SC or CFEST-96 GW
MICROI'EM
MODFLOW
MT3D

n/a not applicable; VZ vadose zone; GW groundwater

A.l6




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management #hik Waste Remediation System
LLW Burial Grounds : TWRS Low Activity
Performance Liquid Effluents Waste Disposal
Assessment Program Facility
200 East | 200 East Other Solid : : Interim
Model Attribules Area Aren ETF  |DischargesfWaste El PA Final PA

iUndecided

Boundary Conditions

Rasall OQuicrops na
No Flow X X X X
Raitlesnake Hills Spring Discharge X X

|Cold Creck Valley na

Constanl Head
Constant Flux
Dry Creck Valley nfa

Constant Head

Constant Flux
Yakima River

Constant Head

;ﬂlﬁﬁdy-s-lale

Stcady-stalc | Steady-siale | Steady-state | Steady-staie

na n/a nfa Steady-state | Sieady-state

Steady-state | Steady-state | Steady-state | Steady-state | Steady-state }

Constant Flux

Caolumbia River
Constant llead Steady-stut
Constant Flux

Local-scale Boundarics : :

Constat Head ifatc Steady-state | Transient
Constant Ftux i Transient

Natural Recharge X X X X X

Base of Model
5 m below Water Table
Hanford/Ringold Contact
Top of Lower Ringold Mud Unil
Top of Celumbia River Dasalts

Binlic-stale Steady-state | Steady-state | Steady-stute § Steady-stare | Steady -stale

n/a not applicable; VZ vadose zone; GW groundwater Al7




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Model Attributes

Waste Management

k Waste Remediation System

LLW Burial Grounds
Performance
Assessment

Liquid EfMuents
Program

200 East | 200 East
Area Area

TWRS Low Activity
Waste Disposal
Facility

ETF

Inferim
PA Final PA

Hydrostratigraphic Units Considered

Hanford Formation

Ringold Formation (as single unit)

Combined Hanford / Ringold Formation

Palouse Soil

Plio-Pliestocene Unit

Upper Ringald (Unit 4)

Middle Ringold {Unit §)

Middle Ringold {Unil 6)

Middle Ringold {Uni1 7)

Lower Ringold (Unit 8)

Pasal Ringold (Unit 9)

Cotumbia River Dasalt

Contaminants Considered

Radionuclides

Chemicals

n/a not applicable; VZ vadose zone; GW groundwater
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